Abstract: Rattle has become an important issue in the automotive and aerospace industries. Design for the prevention and reduction of rattle noise requires that the underlying mechanisms be understood and powerful, flexible numericat tools be developed. In this paper, we focus on the former, developing a basic theoretical and experimental foundation for determining the vibro-acoustic behavior arising from the nontinear dynamics assoeiatd with the rattle prwess. In order to understand the fundamentrd mechanics of rattle, a model problem was formulatd involving a hinged plate rattling against a stiff contact point. me plate was modeled as a flexible beam and the resulting equations of motion were solved explicitly, We found that the calculated accelerations at the tip of the beam quantitatively agree with those measured from an experimental test stand. In addition, the predicted and measured sound pressure levels (SPL) at various points were found to agree qualitatively. Rnatly, the sensitivity of the transition to chaos on base motion amplitude and frequency were investigated experimentally and theoretically,~T
RODUCTION
Much attention has been paid to reducing sound levels in automobiles due to powertrain and windnoise. But as these levels are lowered, sound sources within the cabin have become more noticeable. These sources within the cabin are largely due to rattling components and can be extremely irritating to the customer. They could include looseIy fixed components in the dashboard, rear view mirror, or seat belt retractor, for example. The pu~ose of this paper is to investigate rattle from a fundamental level in order to understand its causes and the mechanisms by which rattling objects radiate noise. This paper studies a simple rattling system using experimental data and an analytical model. The model problem involves a simply supported beam contacting a stiff rod. Initially, the measured and predicted acceleration and acoustic radiation were compared at several frequencies and amplitudes. In tfis study, the nature of the dynamics was more thoroughly examined by varying the drive frequency and excitation amplitude incrementally through a prescribed range (25-300 Hz and 1.0-2.0 g),
EXPE~ENT
A test structure was built consisting of a 7.62 cm long aluminum beam which is hinged at one end and rests at the other end on a steel rod with a hemispherical tip. This structure was mounted on a B&K V]bration Exciter Control Type 1050 sh~er which received input from a B&K Vibration Exciter Control Type 1050 function generator. The beam was instrumented with a PCB 3090A accelerometer at the contacting end. Another accelerometer was placed on the base plate to monitor the base acceleration. Data was acquired using a four channel Scientific Atlanta data acquisition system, ANALYTICAL MODEL For the analytical model, the beam was modeled as a Bernoulli-Euler beam which was simply supported at one end and contacted a spring at the other. In addition, a point mass was included at the contacting end to account for the accelerometer used in the experiment. The bound~conditions are discontinuous with a spring force term present when the beam is in contact, but not when the beam is out of contact. The equation of motion was solved in closed form using modal analysis, resulting in N single degree of freedom oscillators where N denotes the number of modes used to model the beam. Modal damping was added after the modal equations were decoupled and the values were determined experimentally using the logarithmic decrement model.
MEASURED AND PREDICTED ACCELERATIONS
Initially, the experiment and the analytical model were run at several different driving frequencies and excitation amplitudes. As shown in Figure 1 , the overall behavior of the acceleration time trace was successfully modeled with an impact and ring down superimposed on the drive frequency sinusoid. Acceleration levels were also predicted quantitatively aside from the large spike at the beginning of impact. In the frequency domain, the experiment exhibited a "scalloped' frequency spectrum which was also predicted. However, the levels and frequency dependence did not compare quantitatively. 
FIG~1.Experimental and analytical accelerations for lW

MEASURED AND PREDICTED ACOUSTICS
The predicted acoustics for this case were calculated by entering the predicted velocity into the boundary element code Comet. The velocity was assumed to be constant across the width of the beam. The resulting sound pressure level (SPL) versus frequency is shown in Figure 2 . The correlation is quite good considering the discrepancy in the acceleration frequency content.
DYNAMIC DEPENDENCE ON DR~FREQUENCY AND EXCITATION AMPLITUDE
To more thoroughly understand the dynamics response of the system, experiments and simulations will be run for an entire range of frequencies and excitation amplitudes. This will identify areas where the response transitions from periodic to chaotic and will further test the accuracy of the analytical model.
CONCLUSIONS AND FUTURE WORK
As shown above, the analytical model predicts the overall response of the system for some specific cases, but does not predict the frequency response quantitatively. Changes will be made to the experimental setup to more closely resemble the assumed boundary condition (i.e. a line contact rather than a point contact). Additionally, future sound measurements will be done in an anechoic chamber to minimize contamination from outside noise sources.
